SUMMARY -Twenty normal individuals were submitted to facial nerve electroneurography using different techniques in order to determine the most accurate to obtain the latencies and amplitudes of the compound muscle action potentials (CMAP) of the facial muscles. First of all it was determined in which muscle or muscle group highest amplitude CMAP could be recorded with the lowest variability between sides and in test-retest. Different techniques were studied in order to determine which could give the best results. This was shown to be an arrangement of bipolar surface electrodes fixed to a plastic bar. The records with higher amplitude where obtained from the nasolabial fold muscles. Therefore 65 normal volunteers were examined using this technique and recording the potentials obtained over the nasolabial fold muscles. Normal values were determined (latency lower than 4.5 ms and amplitude larger than 2 mV -95% confidence limits).
retest). Conflicting results have been reported by various authors, some report a mean variation of the CMAP amplitudes of 3% between sides and 5% in test-retest of normal subjects 6 -7 while others report variations of up to 50% between sides and 20% in test-retest 2,1 ". As the CMAP amplitude values in normal subjects have a great variability, the statistical methods used in the majority of the studies, i.e., parametric analysis, is questionable. A typical example is found in Gavilan et al. 12 report, where the average CMAP amplitude obtained at the nasolabial fold muscles (NFM) was 1177 uV with the standard deviation of 518 uV. This means that if a variation of 2 standard deviations is applied, a potential of 171 uV should be considered normal and if the average plus 2.5 standard deviations is used a negative amplitude should be considered normal.
The goals of the present study are to determine the best muscle or muscles to be analyzed, the best recording technique to obtain the CMAP with the highest amplitude and the lowest variability between sides and in the test-retest, and to determine values of CMAP amplitude, latency and amplitude variation between sides and in test-retest in a normal group of subjects. The examinations were carried out using an electromyography equipment ATI 900. Filters were set at 3 Khz and 25 Hz. Time base was set at 5 ms/div for the first experiment and 2 ms/div for the second. The facial nerve was stimulated with the cathode located in front of the ear lobe according to a technique previously described 19 .
MATERIAL AND METHODS
Statistical analysis: analysis of variance was done to compare techniques and muscles and when significant differences were obtained, the analysis was complemented with Tukey's test. Wilcoxon's test was used to compare the CMAP amplitudes and latencies in the test-retest and between sides. Kolmogarov-Smirnov's test was used to study the distribution of the latency and amplitude values' 7 .
RESULTS
Experiment 1: the amplitude values of the CMAP obtained in the test-retest of the frontalis, orbicularis oculi and nasolabial fold muscles did not show significant differences. Therefore, the averages of these values were used to compare techniques and muscles and to determine the variability of the amplitudes on both sides. The amplitudes of the CMAP recorded at the NFM were significantly higher than the amplitudes obtained in the frontalis and orbicularis oculi muscles (p<0.05). There was a great variability of amplitudes between sides and in the test-retest when results were compared individually, however, no significant difference was found when overall amplitudes were compared. The three techniques were equivalent when the CMAP were recorded at the NFM (Table 1) .
After comparing the techniques, latency, amplitude and CMAP amplitude variability were determined between sides and in the test retest in a group of 65 normal subjects (experiment 2). As the latency values were normally distributed, the mean plus 2 standard deviations was used to calculate the normal limits. As the amplitude related measures were significantly different from the normal curve (p<0.05) the 95 lh percentile was used to establish the normal limits (Table 2) .
DISCUSSION
CMAP amplitude obtained with techniques B and C in the frontalis muscle were significantly higher than those recorded with technique A. This observation is probably due to the fact that, in technique A, both surface electrodes were placed over the same muscle.
The highest CMAP amplitude was obtained at the NFM muscles, in agreement with the observations of Esslen 6 and Thomander and Stalberg 23 , and is probably due to the high amount of muscle fibers innervated by the facial nerve in this region. The thickest branches of the facial nerves (zigomatic and the buccal branches) innervate the paranasal muscles which generate the CMAP recorded over this region.
The exclusive use of bipolar surface electrodes fixed to a bar 6910 seems not to be justified when registering on the nasolabial fold muscles, since no significant difference was detected in the CMAP amplitudes obtained in this muscle comparing the three techniques.
We can conclude that if one muscle group is to be selected for recording, this should be the NFM group. However the adoption of a particular recording technique may be dictated by technical conveniences of each laboratory, provided it is used consistently.
No overall significant difference was detected in the CMAP amplitudes between sides or in the test-retest in any of the muscles or techniques used. This result was also reported by Kartush et al. 16 and Raslan et al. 20 who compared the techniques using bar fixed or disc electrodes.
As the CMAP amplitudes obtained from the nasolabial fold muscles were significantly higher than those recorded at the frontalis and orbicularis oculi muscles and no significant difference was found in the CMAP amplitudes registered in the nasolabial fold muscles in any of the three techniques, we decided to use technique A to determine the latency, amplitude and the variability of these parameters between sides and in the test-retest.
The CMAP latency upper limit detected in our sample (4.5 ms) is similar to the results reported by many authors 3, 22, 24, 25 . Latency values between 6 and 8 ms as reported by Joachims et al. 15 ,Gavilan et al. 12 and Gavilan and Gavilan" in normal subjects were not observed in our sample. A wide intersubject and intrasubject variation of the CMAP amplitude was detected. This phenomenon was also reported by several authors 1,5,10 " 14,16,18 -20,21 . The data of the CMAP amplitudes in the test-retest and between sides found in the literature shows a great variability and has limitations when compared to the data obtained in our own study, probably because most authors express these results as averages of differences in percentage, whereas we used the 96 th percentile. As percentages usually are not distributed normally it is difficult to interpret average or standard deviation from such values.
The CMAP recorded in the electroneurography at the NFM is a contribution of several muscles located laterally to the ala nasi. Slight changes in the position of the recording electrodes modifies the morphology and polarity of the recorded potential. This fact is probably related to the complex spatial orientation of the different muscle fibers in this region.
Stimulating electrode placement is another important aspect. The best point for stimulating the facial nerve was with the cathode located in front of the ear lobe. This position allows for maximal CMAP amplitudes with minimal stimulation intensity 19 .
